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1RWDEOHFRPSOLFDWLRQVRIVHGDWLRQSUDFWLFHVKDYHEHHQLGHQWLILHGDQGHIIRUWVWRPRGLI\WKHVHSUDFWLFHVLQ,&8VKDYHEHJXQ:KLOH
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UHOLDELOLW\ 2QH WRRO ZKLFK KDV UHOLDELOLW\ DQG YDOLGLW\ HVWDEOLVKHG LV WKH 6HGDWLRQ$JLWDWLRQ 6FDOH 6$6 7KLV VWXG\ LV DQ
H[WHQVLRQRIDSUHYLRXVVWXG\E\5LNHU3LFDUGDQG)UDVHU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XVLQJWKH6$6LQDQDWXUDO,&8VHWWLQJ,WLVHVVHQWLDOWRHVWDEOLVKZKHWKHUWKHVHGLIIHUHQWSURIHVVLRQDOVSURYLGHFRQVLVWHQWVFRUHV
DQG KDYH DPXWXDO XQGHUVWDQGLQJ RI WKH 6$6 DQG LWV FRQVWLWXHQW OHYHOV EDVHG RQ 690&ODVVLILHU 7KLV ZLOO KHOS HQVXUH WKDW
FOLQLFDOGHFLVLRQVUHODWLQJWRVHGDWLRQQHHGVFDQEHPDGHDSSURSULDWHO\DQGFRQVLVWHQWO\

.H\ZRUGV$JLWDWLRQ/HYHO,QIDQW7HPSHUDPHQW6HGDWLRQ$JLWDWLRQ6FDOH
,QWURGXFWLRQ

$JLWDWLRQ LV H[FHVVLYH UHVWOHVVQHVV XVXDOO\ QRSXUSRVHIXOPHQWDO DQGSK\VLFDO DFWLYLW\ DVVRFLDWHGZLWK LQWHUQDO
WHQVLRQDQGDQ[LHW\>@7KHFDXVHRIDJLWDWLRQLVRIWHQPXOWLIDFWRULDOHJSDLQFRQIXVLRQGHOLULXPZLWKGUDZDO
DGYHUVHGUXJHIIHFWVDQGLWLVRIWHQGLIILFXOWWRDVFHUWDLQSUHFLSLWDWLQJIDFWRUV>@$JLWDWHGEHKDYLRULVFRPPRQLQ
LQWHQVLYH FDUH XQLWV ,&8V >@ ,Q D SURVSHFWLYH HYDOXDWLRQ RI LQIDQWV LQ D PHGLFDO ,&8 PRGHUDWH RU VHYHUH
DJLWDWLRQZDVREVHUYHGE\EHGVLGHQXUVHVLQPRUHWKDQRILQIDQWVKLIWVDQGRYHUWDJLWDWLRQVXFKDVLQIDQWV¶VHOI
UHPRYDORID WXEHRUFDWKHWHURUDJJUHVVLYHEHKDYLRU WRZDUGDKHDOWKFDUHSURYLGHUZDVREVHUYHG LQRI LQIDQW
VKLIWV6HOIUHPRYDORILPSRUWDQWWXEHVRUYDVFXODUFDWKHWHUVRFFXUVDWUDWHVDVKLJKDVHYHQWVSHULQIDQW
GD\V >@$JLWDWHG EHKDYLRU RIWHQ GHYHORSV DEUXSWO\ DQG DW WLPHV KDV SRWHQWLDO IRU LPPHGLDWH SHULO $ VWUXFWXUHG
DSSURDFK WR DJLWDWHG LQIDQWV HPSKDVL]HV LPPHGLDWH PDQDJHPHQW RI SRWHQWLDOO\ OLIHWKUHDWHQLQJ SUREOHPV UDSLG
FRQWURO RI DJLWDWLRQE\XVLQJ DQ HVWDEOLVKHG JRDO RU HQGSRLQW DQG WKHQ DPRUHGHOLEHUDWH HYDOXDWLRQRI WUHDWDEOH
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H[FHVVLYH DFWLYLW\ DQGRU DJLWDWHG EHKDYLRU 7KH 6HGDWLRQ $JLWDWLRQ 6FDOH DQG WKH0RWRU $FWLYLW\ $VVHVVPHQW
6FRUH>@KDYHOHYHOVRIDJLWDWHGEHKDYLRUDQGWKHUHFHQWO\SXEOLVKHG0RGLILHG$JLWDWLRQ6HGDWLRQ6FDOH5$66
>@KDV OHYHOVRIDJLWDWHGEHKDYLRU7KHFRQGLWLRQRI LQIDQWFDQ WKHQEHPRQLWRUHG IRUKLJKDJLWDWLRQPHGLXP
DJLWDWLRQ RU ORZ DJLWDWLRQ E\ &KDVH  7DEOH  JLYHV WKH GHWDLOV RI 0RGLILHG 5LNHU 6$6 7DEOH 7KH
SHUIRUPDQFHRIWKHVHFODVVLILHUVFDQDOVREHFRPSDUHGLQWKHSURFHVVRILQIDQWPRQLWRULQJ

7DEOH0RGLILHG5LNHU6$67DEOH

6FRUH 7HUP 'HVFULSWRU
 'DQJHURXV$JLWDWLRQ 3XOOLQJDWHQGRWUDFKHDOWXEHV(7WXEHWU\LQJWRUHPRYHFDWKHWHUV
FOLPELQJRYHUEHGUDLOVWULNLQJDWVWDIIWKUDVKLQJVLGHWRVLGH
 +LJK$JLWDWHG 5HTXLULQJUHVWUDLQWDQGIUHTXHQWYHUEDOUHPLQGLQJRIOLPLWV
 0HGLXP$JLWDWHG $Q[LRXVRUSK\VLFDOO\DJLWDWHGFDOPVWRYHUEDOLQVWUXFWLRQV
 /RZ$JLWDWHG&DOP &DOPHDVLO\RUIROORZFRPPDQG

7KHVH VXEMHFWLYH VFDOHV KDYH EHHQ WHVWHG IRU YDOLGLW\ DQG UHOLDELOLW\ LQ DGXOW ,&8 LQIDQWV >@ 1R
SK\VLRORJLFDOPHDVXUHRI VWUHVV KDVEHHQXQLIRUPO\ DFFHSWHG WKDW FDQSURYLGH D UHIHUHQFH VWDQGDUG DJDLQVWZKLFK
DJLWDWLRQVHGDWLRQ VFDOHV FDQ EH PHDVXUHG 7RROV FXUUHQWO\ LQ XVH LQFOXGH GLUHFW REVHUYDWLRQV DQG LQWHUPLWWHQW
VWUXFWXUHGDVVHVVPHQWVE\QXUVHVDQGRWKHUFDUHSURYLGHUVEXWWKHVHWRROVGRQRWSURYLGHDFRQWLQXRXVPHDVXUHRI
DFWLYLW\ DQGRU DJLWDWLRQ$YDLODEOH FRQWLQXRXVPHDVXUHV VXFK DVEORRGSUHVVXUHRU KHDUW UDWHPD\ UHIOHFW LQIDQWV¶
VWDWXVWKDWLVKLJKHUEORRGSUHVVXUHRUKHDUWUDWHRIWHQDFFRPSDQLHVLQFUHDVHGDFWLYLW\RUDJLWDWLRQ+RZHYHUWKHVH
PHDVXUHVDUHQRQVSHFLILFDQGLQFOXGHDYDULHW\RIUHDVRQVIRUFKDQJH%HFDXVHDJLWDWLRQLVDVVRFLDWHGZLWKH[FHVVLYH
UHVWOHVVQHVV DQG SK\VLFDO DFWLYLW\ WKH DELOLW\ WR GHWHFW LQFUHDVHG DFWLYLW\ HVSHFLDOO\ FRQWLQXRXVO\ PD\ EH DQ
LPSRUWDQWILUVWVWHSLQDVVHVVLQJDJLWDWLRQ

0HWKRG

7KH FRPSOHWH EORFNGLDJUDP UHSUHVHQWDWLRQRI WKHSURSRVHG V\VWHP LV DV VKRZQ LQ)LJXUH$IWHU LQSXWWLQJ D
IDFLDOLPDJHDVNLQFRORUEDVHGDOJRULWKPLVDSSOLHGWRGHWHFWWKHLQIDQWIDFHLQWKHLPDJH>@+XQGUHGLPDJHV
ZHUH WDNHQ IURP KRVSLWDOLW\QHWZRUNFRP ZHEVLWH ZLWK GLIIHUHQW LOOXPLQDWLRQ OHYHOV 7KH IHDWXUH H[WUDFWLRQ RI WKH
H\HVDQGPRXWKRIWKHLPDJHDUHFURSSHGIURPWKHIDFH7KHFRQGLWLRQVRIWKHLQIDQWZHUHGHWHUPLQHGEDVHGRQDQG
PRPHQWLQYDULDQW7KHV\VWHPWKHQLVVXHVDVLJQDOWRWKHPHGLFDOVWDIIWRGUDZWKHFRQFOXVLRQVZKHWKHUWKHLQIDQWLV
KLJKDJLWDWHPHGLXPDJLWDWHRUORZDJLWDWH$OOWKHFRGHVDUHZULWWHQLQ0$7/$%VRIWZDUH
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)DFH'HWHFWLRQ
7KH ,QWHO 2SHQ &9 FDVFDGH FODVVL¿HU LV EDVHG RQ D IDFH GHWHFWLRQ DOJRULWKP GHYHORSHG E\ >@ 7KH
$OJRULWKPVFDQVDQLPDJHDQGUHWXUQVDVHWRIORFDWLRQVWKDWDUHEHOLHYHGWREHIDFHV7KHDOJRULWKPXVHVDQ$GD
%RRVWEDVHGFODVVL¿HUWKDWDJJUHVVLYHO\SUXQHVWKHVHDUFKVSDFHWRTXLFNO\ORFDWHIDFHVLQWKHLPDJH)LJXUHVKRZ
DQH[DPSOHRIWKH+DDU&ODVVL¿HUDSSOLHGWRDQLPDJHZKHUHWKHVTXDUHVLQGLFDWHIDFHGHWHFWLRQV7KHDFFXUDF\RI
WKLV DOJRULWKP FDQ EH HYDOXDWHG XVLQJ D VWDQGDUG FRQ¿JXUDWLRQ WKDW VKLSV ZLWK WKH 2SHQ&9 VRXUFH FRGH 7KH
DFFXUDF\LVWHVWHGE\GHWHFWLQJDVHWRIIDFHVLQWKH,QIDQW)DFH'DWDVHWZKLFKLVGHVLJQHGIRUWHVWLQJIDFHGHWHFWRUV
%HFDXVHWKH+DDU&ODVVL¿HULVSDUWRIWKH2SHQ&9OLEUDU\WKHVRXUFHFRGHVKRXOGEHZHOORSWLPL]HG2SHQ&9LVD
SRSXODU RSHQ VRXUFH LPDJH OLEUDU\ WKDW ZDV RULJLQDOO\ FUHDWHG E\ ,QWHO 7KH GDWD VWUXFWXUHV DQG DOJRULWKPV LQ
2SHQ&9KDYHEHHQFDUHIXOO\WXQHGWRUXQHI¿FLHQWO\RQPRGHUQKDUGZDUH,WLVHYLGHQWIURPWKHFRGHRIWKH+DDU
&ODVVL¿HUWKDWKDQGRSWLPL]DWLRQZDVXVHGWRLPSURYHWKHSHUIRUPDQFHRIWKDWDOJRULWKPDVVKRZQLQ)LJXUH
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)LJXUH$FFXUDF\YHUVXVGLIIHUHQW7HVW7ULDO



'0RPHQW$OJRULWKP
$ VLPSOH '0RPHQW DOJRULWKP LV DSSOLHG WR WKH VHJPHQWHG SRUWLRQ DQG WKH UHVSHFWLYHPRPHQW IHDWXUHV DUH
H[WUDFWHG 7KH DERYH SURFHGXUH LV UHSHDWHG WR DOO WKH LPDJH IUDPHV DQG WKH PRPHQW IHDWXUHV DUH H[WUDFWHG DQG
DVVRFLDWHGWRWKHVSHFLILFSKRQHPH$VLPLODUDSSURDFKLVPDGHRQDOOWKHJHVWXUHLPDJHVDQGDIHDWXUHGDWDVHW LV
FUHDWHG,QWKHJHVWXUHFODVVLILFDWLRQVWDJHXVLQJWKH'PRPHQW IHDWXUHVHWD690DOJRULWKPLVGHYHORSHG7HQ
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VXEMHFWVZKHUHXVHG LQ WKHH[SHULPHQWDOVWXG\ LPDJHVZHUH WDNHQUHSUHVHQWLQJ IRUERWKFRQGLWLRQV7HQVXFK
WULDOVSHUIRUPHGE\HDFKVXEMHFWIRUHDFKJHVWXUH7KXVDGDWDEDVHFRQWDLQLQJRIVDPSOHVZDVFUHDWHG
0RPHQWV RI LPDJHV SURYLGH HIILFLHQW ORFDO GHVFULSWRUV DQG KDYH EHHQ XVHG H[WHQVLYHO\ LQ LPDJH DQDO\VLV
DSSOLFDWLRQV 7KH PDLQ DGYDQWDJH RI PRPHQWV LV WKHLU DELOLW\ WR SURYLGH LQYDULDQW PHDVXUHV RI VKDSH 7KH '
PRPHQWRIRUGHUSTRIDGLJLWDOLPDJHI[\RIVL]H0î1LV>@GHILQHGDV
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&ODVVLILHU690
690V>@DUHFODVVL¿HUVXVHGWR¿QGWKHEHVWVHSDUDWRUEHWZHHQWZRFODVVHV7KH\DUHYHU\HIILFLHQWLQVROYLQJ
FOXVWHULQJSUREOHPVZKLFKDUHQRWOLQHDUO\VHSDUDEOH7KHIXQGDPHQWDOLGHDLVWRSURMHFWXVLQJDPDSSLQJIXQFWLRQ
ĳ WKH LQSXW YHFWRUV LQWR D QHZ IHDWXUH VSDFH RI JUHDWHU GLPHQVLRQ LQ ZKLFK LW LV SRVVLEOH WR ¿QG D K\SHU SODQH
SURGXFLQJDOLQHDUVHSDUDWLRQEHWZHHQFODVVHV,QSUDFWLFH690VXVHNHUQHOIXQFWLRQVWRSHUIRUPWKHFRPSXWDWLRQ
RIVFDODUSURGXFWVLQWKHIHDWXUHVSDFHZLWKRXWXVLQJWKHGH¿QLWLRQRIĳ7KHEHVWK\SHUSODQHLVFKRVHQLQRUGHUWR
PD[LPL]HWKHGLVWDQFHEHWZHHQWKHVHSDUDWLQJK\SHUSODQHDQGWKHWUDLQLQJYHFWRUVWKHFORVHVWWRWKHERUGHUWKH\DUH
FDOOHGVXSSRUWYHFWRUV7KHFODVVL¿FDWLRQRIDVDPSOH[LVJLYHQE\HTXDWLRQ

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

ZKHUHNLVWKHNHUQHOIXQFWLRQ[LDUHWKHWUDLQLQJVDPSOHVDQG\Lא^í`WKHLUUHVSHFWLYHFODVVODEHOVĮLDQGEDUH
WKHSDUDPHWHUVRIWKHPRGHOREWDLQHGDIWHUWUDLQLQJ$WWHVWWLPHI[LVFRPSDUHGWRDWKUHVKROGș

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5HVXOWDQG'LVFXVVLRQ
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)LJXUH$FFXUDF\YHUVXVGLIIHUHQW7HVW7ULDO
$VLPSOHIHDWXUHH[WUDFWLRQPHWKRGEDVHGRQQGPRPHQWLQYDULDQWZDVSURSRVHGIRUGHWHUPLQLQJWKHFRQGLWLRQRI
DJLWDWLRQ7KHDFFXUDF\RIWKH690FODVVLILHUZDVWHVWHGIRUWHQWLPHVDVVKRZQLQ)LJXUH(DVLHUDSSOLFDWLRQDQG
IDVWHU GHWHUPLQDWLRQ RI IHDWXUHV DUH WZR LPSRUWDQW DGYDQWDJHV RI WKH SURSRVHG IHDWXUH H[WUDFWLRQ PHWKRG 7KH
VLPXODWLRQUHVXOWVVKRZWKDWWKH690FODVVLILHUJLYHVWKHKLJKHUDFFXUDF\DURXQGIRUWKHQRUPDOFODVVDQG
IRU WKHSDLQFODVV  ,W LVHQYLVDJHG WKDW WKH690FODVVLILHU LVYHU\XVHIXO LQFODVVLI\LQJ IHDWXUHVZKHQ OLJKW
LQWHQVLWLHVDUHYDULDEOHIRUGHWHUPLQLQJWKHIDFHH[SUHVVLRQV

&RQFOXVLRQ

,W LVHQYLVDJHGWKDW WKLVSURSRVDORIFRORUGHWHFWLRQDQGIHDWXUHH[WUDFWLRQPHWKRG7KHH[SHULPHQWDOGHVLJQIRU
WKH,QIDQWTXLYHU6\VWHPKDVEHHQGHYHORSHGDQGLPSOHPHQWHG7KHVHWXSZDVGRQHLQWKHFRQWUROURRPVRWKDWWKH
OLJKWLQJ FRQGLWLRQ FDQEH FRQWUROOHG DFFRUGLQJ WR ,QWHQVLYH&DUH8QLW ,&8 UHJXODWLRQVGXULQJ WKH FRQGXFWLRQRI
H[SHULPHQW7KHZD\VRIVXEMHFWO\LQJRQWKHEHGZHUHSUHGLFWHGEDVHGRQLQIDQWEHKDYLRUVLQKRVSLWDO7KXVDOOWKH
FLUFXPVWDQFHV ZHUH EURXJKW LQ DW GLIIHUHQW GLVWDQFHV DQJOH DQG LOOXPLQDWLRQ OHYHOV 0RRQ 'UDJRQ¶V +HDOWK 	
:HOOQHVV%DVHGRQWKHIDFHDUHDGLVSODFHPHQWIRUHDFKIUDPHLVUHSUHVHQWHGE\WKHZKLWHUHJLRQ,IDSHUVRQ
LVVOHHSLQJWKHUHZLOOEHOHVVDUHDDQGGLVWDQFHRIZKLWHUHJLRQLQIDFHFRPSDUHGWRWKHIDFHDZDNHG+HQFHVWDWHRI
LQIDQW FRQGLWLRQ FDQ EH GHWHUPLQHG HDVLO\ 7KXV WKH VWDWH RI LQIDQW FDQ EH HDVLO\ GLIIHUHQWLDWHG LH VWDWH RI KLJK
DJLWDWLRQPHGLXPDJLWDWLRQRUORZDJLWDWLRQ,WLVHQYLVDJHGWKDWWKLVSURSRVDORI+DDU&DVFDGHGHWHFWLRQPHWKRGDQG
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